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Successful preemptive cytomegalovirus (CMV) therapy in transplant patients depends on the availability of
sensitive, specific, and timely diagnostic tests for CMV infections. The pp65 antigenemia assay has been used
for this purpose with considerable success. Quantification of CMV DNA is currently regarded to be an alter-
native diagnostic approach. The precise relationship between these two methods has still to be defined, but is
essential to compare diagnostic results. This study compared the results of both assays with a large series of
transplant recipients in different categories. An internally controlled quantitative real-time CMV DNA PCR
was used to test 409 plasma samples from solid organ transplant (SOT) and stem cell transplant (SCT) pa-
tients. Levels of CMV DNA in plasma correlated well with classified outcomes of the pp65 antigenemia test.
Despite this correlation, the quantitative CMV PCR values in a class of antigen test results were within a wide
range, and the definition of an optimal cutoff value for initiating treatment required further analysis by a re-
ceiver-operating characteristic curve analysis. This is essential for reactivating infections in particular. For the
SCT patients the optimal cutoff value of CMV DNA load defining relevant viral reactivation (in this assay, 10,000
copies/ml) was slightly higher than that for the SOT patients (6,300 copies/ml). Based on a comparison with
the established pp65 antigenemia assay, quantification of CMV DNA in plasma appeared to be capable of guid-
ing the clinical management of transplant recipients. This approach may have important advantages, which in-
clude a superior reproducibility and sensitivity, allowing the inclusion of kinetic criteria in clinical guidelines.

Human cytomegalovirus (CMV) is a ubiquitous member of
the human herpesvirus family of viruses. Up to 80% of healthy
adults in western countries are seropositive, indicating previ-
ous exposure and established latency with the capability of vi-
ral reactivation. The mechanism of reactivation is largely un-
known but appears to be strongly related to impaired immune
control of the virus. For this reason, CMV is one of the most
common opportunistic pathogens complicating the care of
transplant recipients; potentially it is a major cause of morbid-
ity and mortality. Treatment of CMV disease with specific
antiviral drugs such as ganciclovir and foscarnet reduces dis-
ease severity and mortality in these patients. Prophylactic and
preemptive antiviral strategies have been developed and aim
at avoiding aggressive treatment of established end-organ
disease. Prophylactic treatment involves the administration
of antiviral drugs to all patients at risk for an extended period.
Preemptive therapy is specifically directed towards patients
identified as having a high risk for CMV disease, thus sparing
many from the toxicity of universally applied antiviral prophy-
laxis. The success of preemptive therapy is dependent upon the
availability of appropriate diagnostic tests for early stages of
CMV infections. The pp65 antigenemia assay has been used
for this purpose with considerable success (2, 10, 14). However,
this assay is labor-intensive and requires samples to be pro-

cessed within a few hours. In addition, its reading is subjective
and therefore requires skilled interpretation. Finally, the assay
can be seriously complicated by leukopenia in stem cell trans-
plant (SCT) recipients before engraftment.

Qualitative PCR detection of CMV DNA in leukocytes or
plasma appeared to be a sensitive method for detection of
CMV in blood but lacked specificity for the diagnosis of CMV
disease (2). Quantification of CMV DNA should be able to
define more specifically the levels associated with disease (2).

Real-time PCR-based assays (8) are able to quantify viral
DNA accurately over a broad range of input target copies
without the necessity for post-PCR handling. As such, these
assays provide fast results with less risk of contamination. Re-
cent studies have reported on the application of real-time
PCR for the quantification of CMV DNA (13, 15, 18, 19, 21,
23, 25).

The clinical use of these methods could be evaluated in
comparison to the currently widely employed pp65 antigen-
emia assay, with respect to the diagnosis of CMV infection but
also in monitoring of individual transplant recipients during
active infection. It is obvious that patients undergoing solid
organ transplantation (SOT) or SCT nowadays will always be
protected from clinical disease by a monitoring strategy or a
preventive regimen, excluding an evaluation solely based on
clinical outcome. The establishment of the precise relationship
between the two methods is essential to compare diagnostic
results, particularly when laboratories consider replacement of
the antigen assay.
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In this study, an internally controlled quantitative real-time
PCR assay has been used to determine the CMV DNA load in
plasma. The assay also monitors the efficacy of nucleic acid ex-
traction from the clinical sample and the presence of inhibitors in
the PCR. The correlation of this optimized assay to the classical
pp65 antigenemia assay has been evaluated with SOT recipients
as well as SCT recipients. The aim of this study was to validate the
clinical application of real-time measurement of the CMV DNA
load in plasma specimens from SOT and SCT recipients and to
define criteria for treatment in these groups of patients.

MATERIALS AND METHODS

Patients and samples. From August 2001 to June 2002, 3,100 EDTA-plasma
and whole-blood specimens from SOT (kidney, kidney-pancreas, and liver) and
SCT (pediatric and adult) recipients admitted to the Leiden University Medical
Center were prospectively collected. From this group, 409 plasma samples from
128 SOT (36 liver and 51 kidney or kidney-pancreas) and SCT (41 adult and
pediatric) patients were randomly selected for analysis, irrespective of the CMV
serostatus of the donors and recipients. These 409 plasma samples were classified
into five groups according to the results of the pp65 antigenemia assay. Group I
(n � 195) corresponded to CMV antigenemia-negative samples. Group II (n �
79) corresponded to samples with low CMV antigenemia values (1 to 3 positive
cells), and groups III (n � 57), IV (n � 50), and V (n � 28) corresponded to
samples with moderate (4 to 20 positive cells), high (21 to 100 positive cells), and
very high (�100 positive cells) CMV antigenemia values, respectively.

Also, 295 corresponding whole-blood samples were selected to address the
correlation between CMV DNA loads in plasma and whole blood. During the
study period, antigenemia assays were used for patient management, while real-
time quantitative CMV PCR was performed retrospectively on the EDTA-
plasma and whole blood samples frozen at �80°C.

Additionally, 10 CMV-seronegative kidney or kidney-pancreas transplant pa-
tients identified as undergoing a primary CMV infection (donor positive/recip-
ient negative [D�/R�] combinations) were analyzed longitudinally, with a mean
follow-up time of 82 days (range, 72 to 180 days) posttransplantation.

Viral standards and controls. A sucrose gradient-purified and electron mi-
croscopy-counted HCMV AD169 strain (5.28 � 1010 virus particles/ml; ABI,
Columbia, Md.) was used as a standard for quantification. The strain was diluted
to a concentration of 108 particles/ml and subsequently serially diluted to deter-
mine a standard curve. The agreement of particle numbers and DNA copies was
confirmed by using quantified plasmid DNA (IQ Products, Groningen, The
Netherlands) containing the CMV PCR fragment (data not shown). A phocine
herpes virus (PhHV) strain, propagated in cell culture, was used as internal
control in the real time PCR. For specificity testing, patient samples positive for
herpes simplex virus types 1 and 2, varicella-zoster virus, Epstein-Barr virus,
human herpesvirus 6, adenovirus, parvovirus B19, and hepatitis B virus were
used.

CMV antigenemia assay. The CMV antigenemia assay was performed with the
CMV Brite Turbo kit (IQ Corporation BV, Groningen, The Netherlands), ac-
cording to the manufacturer’s instructions. Briefly, 2.0 � 106 leukocytes were
applied to a glass slide by cytospin, fixed, and permeabilized to allow subsequent
detection of CMV pp65 antigen. The presence of pp65 antigen was detected by
the C10/C11 antibody cocktail and visualized by means of a specific secondary
fluorescein isothiocyanate-labeled antibody. The number of CMV antigen-pos-
itive cells per duplicate stain was counted.

CMV serology. CMV-specific immunoglobulin M (IgM) and IgG antibodies in
sera from patients were determined by using the Vironostika CMV-IgM assay
(BioMerieux/Organon Teknika, Boxtel, The Netherlands) and the AxSYM

CMV-IgG assay (Abbott Laboratories, North Chicago, Ill.) according to manu-
facturers’ instructions.

Extraction of CMV DNA. Nucleic acids were extracted from 0.2-ml plasma and
whole blood samples by using the MagnaPure LC total nucleic acid isolation kit
(Roche Molecular Systems, Almere, The Netherlands). During this fully auto-
mated purification procedure, lysis-binding buffer is added to the samples, re-
sulting in complete cell lysis and protein denaturation. Subsequently, protein K
is added to the samples and cellular proteins are digested. DNA binds to the
silica surface of added magnetic glass particles due to the chaotropic salt con-
ditions and the high ionic strength of the lysis-binding buffer. In the next step,
wash buffer I removes unbound substances such as proteins, cell membranes, and
PCR inhibitors such as heparin and hemoglobin. Wash buffer II further removes
impurities and reduces the chaotropic salt concentration. Eventually, purified
DNA is eluted in buffer at an elevated temperature.

Quantitative real-time PCR. The CMV-specific PCR primers (Table 1) were
derived from those previously described (3), and a specific TaqMan probe was
developed. The primers (Eurogentec, Seraing, Belgium) amplified a 126-bp
fragment from the CMV immediate-early antigen region. The TaqMan probe
was labeled at the 5� end with 6-carboxyfluorescein (FAM) and at the 3� end with
the fluorescent quencher 6-carboxytetramethylrhodamine. The 3� end was phos-
phorylated to prevent probe extension during amplification.

The PCR was carried out by using the HotStar Taq master mix (Qiagen,
Hilden, Germany) in an I-Cycler IQ DNA detection system (Bio-Rad,
Veenendaal, The Netherlands). Briefly, 10 �l of either the standard-curve DNA
or DNA extracted from the samples was added to 40 �l of PCR mixture con-
taining a 400 �M concentration of each deoxynucleoside triphosphate, a 0.25 �M
concentration of each primer, a 0.625 �M concentration of the fluorogenic
probe, 4.5 mM MgCl2, and HotStar Taq DNA polymerase in HotStar PCR
buffer. Template denaturation and activation of HotStar Taq DNA polymerase
for 15 min at 95°C were followed by 50 cycles of denaturation at 95°C for 20 s,
annealing at 63°C for 20 s, and extension at 72°C for 1 min.

To monitor the efficiency of the DNA extraction and PCR inhibition, all
clinical samples were spiked with a fixed amount of PhHV virus particles prior to
DNA extraction. PhHV DNA was amplified by using a PhHV-specific PCR assay
as described previously (17). Primers used for the PhHV assay amplified a 89-bp
fragment of the glycoprotein B gene. The probe was labeled with Cy5 and BHQ2
(Biolegio, Malden, The Netherlands). Primer and probe sequences are shown in
Table 1. The CMV and PhHV assays were performed as a duplex PCR in a single
tube. The PCR was performed under the same conditions as the CMV assay.
During amplification the CMV and PhHV targets generated different reporter
fluorescence signals (FAM and indodicarbocyanine, respectively).

ROC curve analysis. Receiver-operating characteristic (ROC) curves repre-
sent the joined values of the true-positive ratio (sensitivity) and false-positive
ratio (1 � specificity) for each value of the diagnostic variable (1, 26). In this
study, ROC plot analysis was performed to determine a threshold value of the
CMV DNA load in plasma for initiating treatment. Current clinical practice is
based on the pp65 antigenemia assay, and therefore this assay was chosen to
determine the optimal cutoff value for the DNA-based assay. In order to avoid
the risk of nonspecific results of the lowest antigen level of one and two positive
cells, the outcome for more than three positive cells in the pp65 antigenemia test
was taken to be the lower predictive threshold for CMV disease in R� transplant
recipients. The level of three positive cells was deliberately chosen as the lowest
convincing positive result. All database entry and statistical analysis were per-
formed with SPSS version 10.0.7.

RESULTS

CMV DNA levels. With the selected primers and probes,
efficient amplification of dilution series of CMV DNA was

TABLE 1. CMV and PhHV primers and probes

Primer or probe Sequence

Forward CMV primer ....................................................................5�-CAAGCGGCCTCTGATAACCA-3�
Reverse CMV primer .....................................................................5�-ACTAGGAGAGCAGACTCTCAGAGGAT-3�
TaqMan CMV probe......................................................................FAM-TGCATGAAGGTCTTTGCCCAGTACATTCT-TAMRA
Forward PhHV primer ...................................................................5�-GGG CGA ATC ACA GAT TGA ATC-3�
Reverse PhHV primer....................................................................5�-GCG GTT CCA AAC GTA CCA A-3�
TaqMan PhHV probe ....................................................................Cy5-GTC GCC CCT GGT TTT TAT CGT ACG GGA ACA GGC GAC-BHQ2
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obtained. When the Ct values were plotted, a standard line
with a slope of 3.33 could be generated, indicating a PCR
efficiency of 99.7%. Based on the dilution series of the CMV
AD169 strain, the sensitivity of the assay was found to be
approximately 100 to 250 copies/ml, which is 2 to 5 copies of
CMV DNA in the reaction.

The specificity was tested with DNAs from a range of other
viruses. No amplification was observed with herpes simplex
virus types 1 and 2, varicella-zoster virus, Epstein-Barr virus,
human herpesvirus 6, adenovirus, parvovirus B19, and hepati-
tis B virus.

The intra-assay variation was determined by using three
CMV standard-curve DNA dilutions with low (103 copies/
well), medium (105 copies/well), and high (108 copies/well)
concentrations. The Ct values obtained for the low, medium,
and high concentrations of standard CMV DNA in this test of
intra-assay variation were 41.9 � 1.0, 34.5 � 0.3, and 24.7 �
0.4, respectively (values are means � standard deviations).

To determine the interassay variation, CMV standard DNA
dilutions with low, medium, and high concentrations were sub-
jected to the real-time PCR in 15 distinct experiments. These
15 distinct experiments also included 15 separate DNA extrac-
tions. The mean Ct values were 39.8 � 1.4, 33.5 � 1.1, and
23.5 � 0.9 (means � standard deviations), respectively.

Monitoring of DNA extraction and detection of PCR inhi-
bition. Reliable implementation of quantitative assays requires
internal controls to avoid false-negative results or underesti-
mation of values. Here an internal control reaction was used to
monitor the nucleic acid extraction procedure and the pres-
ence of PCR inhibitors. The amount of internal control spike
was arbitrarily set at a concentration which resulted in a Ct

value of 34 � 2 (Fig. 1). It was arbitrarily chosen that Ct values
of the internal control that differed by more than two cycles
from the value in the negative control sample were regarded as
inhibitory.

To analyze possible competition between the CMV and
PhHV DNA amplifications, serial dilutions from 108 to 103 of
the electron microscopy-counted CMV AD169 strain were
spiked with high and low concentrations of PhHV DNA and
subjected to the PCR run. In addition, a serial dilution of
PhHV DNA was spiked with low (103) and high (108) concen-
trations of CMV AD169 DNA. The results showed no signif-
icant difference (data not shown).

Correlation between CMV DNA loads in plasma and whole
blood. The CMV DNA loads in corresponding whole blood
samples from 295 out of the 409 selected plasma samples were
determined. The CMV DNA load in plasma was plotted

against the CMV DNA load in whole blood (Fig. 2), and the
correlation coefficient (r) of 0.962 indicated a high correlation
between CMV DNA loads in plasma and whole blood. As can
be derived from Fig. 2, the CMV DNA load in whole blood
tends to be slightly but not significantly higher than that in
plasma. An overall difference of 0.15 log unit (1.4 times) was
found (Fig. 2).

Correlation between pp65 antigenemia and quantitative
real-time CMV PCR. The CMV real-time PCR assay was eval-
uated with 409 plasma samples from 128 SOT and SCT recip-
ients. The corresponding pp65 antigenemia results were used
to group the samples into five clinical categories. The median
CMV DNA copy numbers in plasma were 0.00 copies/ml
(mean, 2,82 copies/ml) for samples in group I and 4.47 � 103

copies/ml (mean, 2.14 � 103 copies/ml), 1.45 � 104 copies/ml
(mean, 2.66 � 104 copies/ml), 5.50 � 104 copies/ml (mean,
6.92 � 104 copies/ml), and 1.91 � 105 copies/ml (mean, 2.82 �
105 copies/ml) for samples in groups II, III, IV, and V, respec-
tively. As shown in Fig. 3 the CMV DNA copy numbers in
plasma and the CMV antigenemia values seem to correlate
well. Despite the correlation, the values for the CMV DNA
load within the distinct pp65 groups showed a wide range
(Fig. 3).

Discrepancy analysis. The quantitative real-time CMV PCR
viral load values generally correlated well with the groups of
antigenemia values (Fig. 3). However, some discrepancies be-
tween the pp65 antigenemia test and the CMV viral load were
observed. Of the 195 antigenemia-negative samples in group I,
24 samples (from 16 patients) had a detectable CMV DNA
load (mean CMV DNA load, 4.37 � 103 copies/ml; median,
3.09 � 103 copies/ml). In the CMV serostatus analysis, 15 of
these 16 patients were either CMV IgG positive or had sero-
converted (IgM positive), indicating that a positive CMV DNA
load can be expected. For one patient, no serostatus or other
follow-up data were available.

In nine patients the CMV DNA load was positive at the

FIG. 1. Amplification plots obtained with the internal control
(PhHV) DNA in a group of plasma samples. No inhibitory samples are
detected, as the Ct value of the PhHV control was 34 � 2.

FIG. 2. Comparison of the CMV DNA levels in plasma and whole
blood from the same patients.
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moment that CMV IgG was negative. Follow-up of these nine
patients revealed that all of them seroconverted subsequently,
indicating that a persisting seronegative status with a detect-
able load did not occur.

Finally, one pp65-positive sample (three cells) showed an
undetectable CMV DNA load. The negative CMV DNA PCR
was caused by either PCR inhibition or inefficient DNA isola-
tion, since the PhHV internal control PCR remained negative
during 50 amplification cycles.

Determination of CMV DNA load threshold values. As the
pp65 assay has been used for guiding CMV therapy in current
clinical practice, it is important to establish the corresponding
threshold values for the CMV DNA assay. In order to define

the optimal cutoff value of CMV DNA load for initiating
treatment in transplant patients at risk for CMV disease, an
ROC curve analysis was performed, using existing treatment
criteria based on pp65 test results. The outcome of more than
three positive cells in the pp65 antigenemia test was taken to
be the lower predictive threshold for CMV disease in R�
transplant patients. If subsequently a CMV DNA level of 100
copies/ml was used as a threshold for predicting CMV disease,
the sensitivity and specificity were 99 and 66%, respectively
(Table 2). The sensitivity decreased to 81% and the specificity
increased to 90% when the CMV DNA level was increased to
10,000 copies/ml. When the ROC curve analysis was per-
formed for SOT and SCT patients separately, the sensitivity
and specificity for the above-mentioned CMV DNA levels
were essentially the same (Table 2). For the SCT patients the
optimal cutoff value of CMV DNA load was 104 copies/ml
(sensitivity and specificity of 83 and 82%, respectively), and for
the SOT recipients the optimal cutoff value was 5.37 � 103

copies/ml (sensitivity and specificity of 87 and 90%, respec-
tively). The results are shown in Table 2.

To assess the relationship between the CMV DNA level and
the number of pp65-positive cells in transplant patients who
are at risk for a primary CMV infection (D�/R�), 10 kidney
or kidney-pancreas transplant recipients with a mean follow-up
time of 82 days (range, 72 to 180 days) posttransplantation
were longitudinally analyzed. In three (30%) of the patients,
the CMV pp65 assay remained negative during the follow-up
period. In the other seven patients (70%), positive pp65 results
were observed (representative cases are shown in Fig. 4). The
mean (median) numbers of days to the first positive test were
75 (41) and 78 (42) for CMV DNA load and antigenemia,
respectively. In two patients from whom samples were ob-
tained more frequently, a positive DNA load was detected
prior to antigenemia positivity (18 versus 25 days in one patient
and 19 versus 26 days in the other patient). CMV DNA never
became positive later than pp65.

DISCUSSION

This study describes the application of an internally con-
trolled real-time quantitative CMV PCR to plasma and whole-
blood samples of SOT and SCT recipients. When these quan-

FIG. 3. Comparison of CMV DNA loads in plasma specimens from
SOT and SCT recipients by the pp65 antigenemia assay. The CMV
DNA load was plotted to five pp65 antigenemia groups. For each
group, the median load, the interquartile 50% range, and the range of
values are represented. Open circles indicate the outliers (values be-
tween 1.5 and 3 box lengths from the upper or lower edge of the box).
Asterisks represent the extreme values (values more than three box
lengths).

TABLE 2. Sensitivities and specificities of different threshold levels of CMV DNA load in plasmaa

Group
Threshold CMV DNA level

(copies/ml) in plasma
as reference

Sensitivity
(%)

Specificity
(%)

Optimal CMV DNA levelb

(% sensitivity, % specificity)

SCT recipients 102 98 48 1.00 � 104 (83, 82)
103 98 56
104 83 82

SOT recipients 102 99 72 5.37 � 103 (87, 90)
103 98 78
104 80 93

SCT and SOT recipients 102 99 66 1.00 � 104 (81, 90)
103 98 72
104 81 90

a ROC analysis was performed by using the outcome of more than three positive cells in the pp65 antigenemia test as the value indicating which category should be
considered positive. SOT and SCT recipients were considered as one group as well as separately.

b Values are numbers of copies per milliliter.
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titative PCR results were compared with results of the pp65
antigenemia assay, the median CMV DNA copy numbers in
plasma increased proportionally with the CMV antigenemia
values, confirming results obtained in earlier studies (5, 6, 11,
12, 13, 16, 20, 23, 24). Nevertheless, some discrepancies were
observed in this analysis of 409 plasma samples. These discrep-
ancies could largely be explained by the increased sensitivity of
the PCR compared to the pp65 test (7, 9). CMV DNA in
plasma thus can be detected earlier than pp65 antigen in leu-
kocytes. In addition, it should be noted that CMV DNA in
plasma tended to persist longer during or after therapy than
pp65 antigens; the rates of decline in the values of the two
assays may well be different. Therefore, it is likely that these
factors contribute to the finding that CMV DNA can be de-
tected in antigenemia-negative samples. Since anti-CMV
IgG antibodies were detectable in all of these pp65 and
CMV DNA discrepant samples, lack of specificity of the CMV
PCR is unlikely to be an issue. It was also shown that persist-
ing seronegative status with a detectable DNA load did not
occur.

The analytical results of the two assays correlated well, and
subsequently the clinical application of the results was as-
sessed. This implies the development of criteria to initiate
treatment based on CMV DNA values. For this purpose, pa-
tients at risk for a primary CMV infection and patients at risk
for a CMV reactivation must be considered separately. Since
patients at risk for a primary infection have never encountered
CMV, any level of CMV DNA load will be predictive for the
development of CMV infection. Treatment can be initiated on
the basis of any positive result. However, patients at risk for a
CMV reactivation may have a background CMV DNA level in
plasma which is not necessarily correlated with disease. Deter-

mination of an optimal cutoff value for the CMV DNA level in
plasma that is predictive for CMV disease is essential for the
management of these patients. ROC analysis indicated optimal
cutoff values of 10,000 copies of CMV DNA/ml in SCT pa-
tients and 5,370 copies/ml in SOT patients, with a sensitivity
and specificity of more then 80% each. If, during monitoring,
viral DNA loads exceed these threshold levels, antiviral ther-
apy could be initiated to prevent disease. However, it has been
shown previously that in addition to the viral DNA load, the
kinetics of the DNA load should be taken into account for
treatment decisions (4, 22). The present study results might
enable the replacement of pp65 antigenemia tests by quanti-
tative real-time CMV PCR. Figure 5 provides an illustration of
possible practical guidelines which can be formulated for mon-
itoring and management of CMV-related problems in trans-
plant recipients based on the CMV DNA load in plasma. For
further validation, the CMV DNA load measurement and
pp65 antigenemia assays were performed simultaneously for
all samples from SOT and SCT recipients during 2 months. A
comparison of clinical decisions based on the guidelines as
depicted in Fig. 5 with the clinical decisions based on the
simultaneously obtained pp65 values demonstrated that the
number of treatment periods was identical (results not shown).
However, most of the CMV episodes were detected earlier
with the CMV DNA load measurement.

It was shown that the CMV DNA loads in plasma and whole
blood correlated very well. This finding demonstrated that
both blood compartments are likely to be adequate for use in
the diagnosis and monitoring of CMV disease in transplant
recipients.

In summary, the quantitative CMV real-time PCR is a useful
tool for monitoring the risk of development of CMV disease in

FIG. 4. Three observed patterns in pp65 antigenemia and CMV DNA load follow-up in 7 of the 10 D�/R� kidney or kidney-pancreas
transplant recipients studied. Three patients remained negative in both assays during follow-up. (A) The assays demonstrated that the patient
responded well to antiviral treatment. This pattern was seen in four patients. (B). After antiviral treatment, the CMV DNA load persisted for some
weeks at a level below the cutoff value of 104 copies/ml before it decreased to an undetectable level (one patient). (C) The pp65 assay and CMV
DNA load measurement showed two episodes of CMV activation. Between these episodes, pp65 are negative, whereas the CMV DNA load
persisted at levels below the defined cutoff value (two patients).
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transplant recipients. If the results obtained by this assay are
compared with those obtained by the pp65 antigenemia assay,
it is possible to define cutoff values for the CMV DNA load in
plasma to be used in the management of transplant patients at
risk for CMV reactivation.
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